Microporous carbon (MC)-based materials have received intensive attention in the context of physisorption for hydrogen storage in the coming era of hydrogen economy [1] . Recently, tremendous efforts have been made to prepare MCs with high specific surface areas (SSAs) and developed porosity, typically, high SSAs can be achieved by controlledactivation of carbon precursors [3] , template-assembling using Zeolites [2] , or metal-extracting from carbides (carbide-derived carbons, CDCs) [4] . All these candidates have shown brilliant future for the hydrogen storage. However, the amounts of hydrogen adsorbed are still quite limited under high pressure and ambient temperature conditions [5] . Fortunately, the modification of C surfaces through incorporation of functional groups or dopants facilitates increasing binding energy of hydrogen with MCs and most recently, Bsubstituted MC has been synthesized and exhibited increased H 2 storage capacity, 3.2 wt.%, almost double that of MC with similar SSA [6] . As simulated [7] , Si should be a good alternative dopant due to the much higher binding energy of hydrogen with SiC. However, SiC usually has low SSA and hard to fabricate porous structure. We here reported a simple onestep activation to produce porous SiC fibres using a hybrid precursor of polycarbosilane (PCS) and pitch. Interestingly, novel core-shell structured materials were obtained. The influences of processing parameters on the cross-section morphologies were discussed in this letter.
Polycarbosilane and pitch were mixed with a weight ratio of 55%/45%, melt-spun into green fibres, cured in air and pyrolyzed in N 2 giving C-rich SiC x fibres. Then the SiC x fibres were loaded with KOH at a definite impregnation mass ratio (R = wt. KOH/wt. fibres), and activated in N 2 or CO 2 at a defined temperature/duration (for experimental details, see Supplementary information). Fig. 1 shows the scanning electron microscope (SEM) images of typical activated fibres derived from precursor fibres pyrolyzed at 1200°C. Co-axial characteristics of the fibres can be clearly observed in Fig. 1(a)-(c) . There are distinctive interfaces between the cores and the shells. However, a big difference, as shown in Fig. 1(d) , can be found on those activated fibres from 800°C-pyrolyzed ones. Their cross-sections are V-shaped. This is a result of the high activation weight loss, 74.5 wt.%. This morphology has not been observed on general activated carbon fibres, despite that their activation weight loss can amount to 80 wt.% [8] . The sample (d) is nearly Si-free, with a total pore volume and a SSA increased to 0.80 m 3 g À1 and 975 m 2 g
À1
, respectively. The pure MC fibres with V-shaped cross-sections can be prepared by deliberate control of the pyrolysis and activation conditions. The results indicate that the mild pyrolysis temperature of the precursor fibres favours the removal of Si in the subsequent KOH activation.
A ''core-reducing'' process can be observed as the activation time goes on from 1 h in Fig. 1(a) to 3 h in Fig. 1(b) . The ''core-reducing'' process is formed because the distribution of KOH is not uniform. It is understandable that the concentration of KOH is very high at the surface because molten KOH is infiltrated from the surface. More importantly, its reaction rate with SiC is lower than that with C. The thickness of the shells increases from $2 to $4 lm as the KOH activation duration extends. Their SSAs are 962 and 1116 m 2 g À1 respec-
tively. The increase of the SSA indicates the shell is porous. But the SSAs are not proportional to the thickness of the shells, implying that both the shell and the core have become porous during the early activation, for example, in Fig. 1(a) . This is reasonable because the present inorganic fibres are C-rich, with the starting carbon content approaching to 61 wt.%. At the beginning, C could be activated through out the whole fibres, as can be seen from the K distribution in Fig. 2(a) , characterised using the energy dispersive X-ray spectroscopy (EDS) axial line-scanning on the cross-section of the Fig. 1 -SEM images of typical activated fibres.
fibres. The existence of K in the core indicates the penetration of KOH to the core. So, it is possible that some micropores were introduced in the core, even though their volume is probably lower than that near the surface. It also indicates that more KOH introduced at the beginning, more micropores could be introduced throughout the whole fibres. This was confirmed by the great effect of the impregnation ratio, whose increasing from 1.0 to 1.5-2.4 leads to an immediate increasing of the SSA from 230-490 to 960-1250 m 2 g
. XRD results have shown that all the samples are in an amorphous state.
Besides the impregnation ratio, the activation atmosphere also plays an important role because they can be a combination of physical activation (e.g., CO 2 ) and chemical activation (KOH). As shown in Fig. 2(b) , most Si was removed from the shell when activated in CO 2 . It shows a screw-like end surface with the thickness of the shell larger than 4 lm. In the case of activation in N 2 , Fig. 2(a) , Si was largely retained despite the higher impregnation ratio, 2.4 (in N 2 ) vs. 1.5 (in CO 2 ). This is because the oxidative CO 2 could accelerate the activation of SiC [8] . In CO 2 , both C and SiC were activated very quickly, to the extent that cracks were frequently observed on the shells. At the end of the activated fibres, the shell may partially split off the core, resulting in a core-protruding morphology, as shown in Fig. 1(c) .
Chen et al. [9] reported the formation of core-shell structures when making CDCs from SiC whiskers but only the shell is porous. In our case, both the core and the shell of the fibres are porous, in which Si is still remained in the core. This is a result of the faster activation rate of C than SiC under selected conditions, in other words, relatively slow etching rate of Si to C.
In this study, the sample in Fig. 2(a) has the highest SSA, 1025 m 2 g À1 , with a total pore volume and an average pore size of 0.49 cm 3 g À1 and 1.98 nm respectively. Its N 2 adsorption and desorption isotherms are shown in Fig. 3(a) , which exhibit a type IV behaviour with hysteresis, indicating the existence of mesopores in the fibres. The pore size distributions of mesopores and micropores are shown in Fig. 3(b) and (c), whose average diameters are 3.65 and 1.16 nm, respectively, as calculated from the adsorption branch using the Barrett-Joyner-Halenda (BJH) and the Horvath-Kawazoe (HK) methods. Further studies are needed to control the pore size distributions for specific applications, for example, increasing micropore volume for hydrogen storage. In summary, using SiC x fibres derived from the pyrolysis of the hybrid precursor fibres of PCS and pitch, a proper control of the activation conditions can yield the co-axial porous composite fibres with high SSA. The porosity and component of the activated fibres may be adjusted by facile control the activation conditions. This kind of core-shell structured fibres can be regarded as Si-substituted activated carbon fibres, which may be promising functional materials, for example, as potential hydrogen storage materials and catalyst supports. This approach can also be adopted for the preparation of M-substituted activated carbon fibres if M-containing polymers (or blends) are used as the starting material.
